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AesrRAcr: The notion that wetlands are among the most productive environments in the world is widely
quoted, but its relationship with the exploitation of wetland ecosystems during the prehistoric and
early historic period has been the subject of few investigations. The current paper discusses the primary
production of different wetland habitats and its relationship to the resource potential of these habitats
and their actual exploitation, using recent results from the Humber Wetlands Survey. It is argued that
during the early Holocene, wetland landscapes were central to the subsistence conomy and that a clear
association exists between the primary productivity of wetlands and the intensity of exploitation. With
the rntroduction of agriculture, however, wetland habitats become increasingly peripheral to the economy.
Introduction
Wet lands,  compr is ing a wide range of
landscapes which are situated in the transitional
zone between terrest r ia l  and aquat ic
environments, are widely quoted as being
among the most biological ly productive
ecosystems in the world (e.9. Coles & Coles
1 989; Williams 1990;Denny 1 995). However,
biolo gical productivity varie s greatly between
the many habitats in this transitional zone,
which is not onlyreflected in theirbiodiversity,
but also in the resource potential and diverse
exploitation of the range of wetland landscapes
in the past. This paper assesses biological
productivity, resource potential and human
exploitation of vanous wetland habitats during
the Holocene. The results from the initial two
years of research by the Humber Wetlands
Survey are used to illustrate the relationship
between biolo gical productivity and exploited
resource potential in the Humber wetlands,
which contains a diverse range of wetland
environments.
The Humber wetlands are located in the
lowlands around the estuary of the River
Humber, in the north-east ofEngland (fig.13.1).
The River Humber emerges at the confluence
of the Rivers Ouse and Trent and drains
approximately one-fifth of the landmass of
England (Pethick 1990). The lowlands around
the Humber are dissected by higher, free-
draining grounds on both the north and south
side of the estuary, leaving seven lowland
regions within the Humber wetlands, each with
their particular physiographic characteri stic s
(Van de Noort & Davies 1993).
With the exception of the lakes, or meres,
in the region of Holderness the development
of the wetlands in the region is closely
associated with sea-level rise during the Late-
glacial and Holocene, and the region forms the
focus for  var ious studies in to mar ine
transgressions and regressions (e.g. Gaunt &
Tooley 1973; Dinnin & Lillie 1995; cf. Parkes
1996). The development of wetlands during
the Late-g lac ia l  and Holocene,  may be
summarised as follows: after an initialbraiding
of rivers before c.10,000BP (Jones & Gaunt
I976), the wetlands in the region comprised
mainly rivers which followed well defined,
incised courses, plus the lakes in Holderness
which developed in depressions in the morainic
landscape left by glacial and glaciofluvial
activity. From c.1800 cal.BC (c.4000BP), the
run-off of therivers was increasingly impeded
due to marine transgression, resulting in
overbank floodings and paludification, and large
scale floodplain mire development. In the
Humberhead Levels region, in areas with
podzolic soils where drainage was impeded,
the raised mires of Thorne and Hatfield Moors
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developed from the mid-Holocene onwards.
Wetland development continued until large
scale drainage schemes were introduced to the
region in the early seventeenth century
(Sheppard 1956; Dinnin 1997a).
In  v iew o f  the  we l l -es tab l i shed
archaeological and environmental preservation
potential of all wetlands, and the widespread
threats to this resource in the Humber wetlands,
particularly by drainage and ploughing, English
Heritage commissioned the Humber Wetlands
Survey in 1994. The work is undertaken by
the Humber Wetlands Project, which is
currently based in the Centre for Wetland
Archaeology at the University of Hull. The
work involves the systematic field survey of
se lec ted  a reas  in  each  o f  the  seven
physiographic regions in the Humber wetlands.
The systematic survey includes integrated
programmes o f  a rchaeo log ica l  and
palaeoenvironmental research, aimed at the
identifi cation of archaeological remains within
the context ofpast wetland development (Van
de Noort & Ett6 1995). Thus far, the survey
of three regions in the Humber wetlands,
Holderness, the Humberhead Levels, and the
Ancholme and Lower Trent val leys, is
completed and the results published in three
monographs (Van de Noort & Ellis 1995;1997 ,
1998). The survey is programmed to be
completed by 2001.
Primary productivity
Biological productivity is usually defined in
terms of biodiversity (species richness) or the
amount ofbiomass generated by an ecosystem.
Biodiversity is often difficult to quantify and
is not necessarily directly linked to biomass
productivity. The latter can be divided into
primary and secondary productivity. Primary
productivity is the amount of organic matter
synthesised by organisms from inorganic
sources, thus it usually compnses mainly plant
material. In wetlands, for example, primary
producers include macrophytic plants as well
as bacten a, algae and plankton. The secondary
productivity of an ecosystem is the amount of
organic matter synthesised by organisms from
pr imary producers and thei r  products.
Secondary producers include all herbivores,
Fig 13 l. A digital terrain/
elevation model of the
Humber wetlands, with
the regions of Holderness
(A) and the Humberhead
Levels (B) indicated.
DTM: Duncan Whyatt 1996.
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Fig. I 3.2. The variation
in estimates of net
primary productivity of
different ecosystems
(g/m']/yr) Source; Leith
1975 cited in l(illiams
1990; Maltby 1986
Graph: Robert Van de
Noort 1996.
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all predators and detritivores that feed on
organic matter. Thus, secondary producers
range from microscopic invertebrates to more
complex 'higher order' animals, which in
wetlands include all fish and wildfowl.
The primary productivity of an ecosystem
provides a measure of the amount of energy
available in the lowest level of the food chain.
This energy supports the secondary producers
and consumers higher up the food chain. From
a human perspect ive the net  pr imary
productivity of an ecosystem is critical in
determining the quantify of potential natural
resources. Primary producers, namely plants,
are of direct value as food, construction
materials and so forth. Althor-rgh therv arc of
ind i rect  va lue in  prov id ing grazrng for
expl oitabl e secondary resource s(e. g. dome stic
stock and wild game),, the greatest food value
comes from the food webs that the dead plants
support (Williams 1990).
The importance of characterisation of
pr imary product iv i ty  in  ecosystems
characterisation has resulted in many attempts
to provide quantitative assessments o enable
both inter and intra-ecosystem comparisons.
Assessments have been based mainly on
sequent ia l  harvest ing of  vegetat ion,
measurements of plant density/height and
measured rate of photo synthesi sor re spiration
(e.g.Bradbury & Grace 1983). The former is
the most widely used estimate technique and
is expressed in terms of mass of produce per
unit area per unit of time. Produce mass may
be determined as dry weight or ashed weight.
Although attempts have been made to quantifli
secondary productivi ty, methodological
difficulties have usually restricted such studies
to analyses of partrcular taxonomic or ecological
groups, usually invertebrates or fish (e.g. Orth
et a|.1991;Petersen t a\.1995). Themajori ty
of studies provide only qualitative assessments
of secondary productivity. The methodological
difficulties and inconsistencies, together with
the variability o f edaphic conditions explain the
broad range of estimated primary productivity
for different ecosystems cited in fig.13.2.
Nonetheless, they indicate that wetlands are
as productive or in some cases more productive
than many ecological ly ' r ich' terrestr ial
ecosystems (e.9. Whigham et al.I978;Maltby
1986). The high productivity of wetlands is
generally attributed to the plentiful supply of
nutrients, due to flushing with nutrient-rich
water, and low water stress for most of the
y e a r  ( L o n g  &  M a s o n  1 9 8 3 ;  M i t s c h  &
Gosselink 1993).
Primary productivity in wetlands is largely
controlled by the amount of nutnents available
to primary producers over a period of time
(Thomson & Hamilton 1983). Furthermore,
the degree to which primary products are
converted to forms useable by secondary
producers is a significant factor in determining
the nature and complexity of the food web.
Wetlands are characterised by the water table
usually being above or close to the surface of
the substrate into which vegetation is rooted.
This generally inhibits the rate at which pnmary
and secondary products are decomposed.
Where the rate of supply of dead material
derived from primary and secondary producers
exceeds the rate of decomposition, organic
material may accumulate (Bradbury & Grace
1983). The nutrients within undecomposed
organic material are effectively unavailable to
the food web until, for example, a lowering of
the water table brings them within the aerated
and bioturbated zone.It is variations in the
rate of nutrient availability that largely explain
the dif ferences in primary productivity between
wetland ecosystems which, in turn, determines
their resource potential.
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Fig 13.3. Estimated primary productivity of wetland ecosystems. Sources: Billen et al.l995; Botch & Masing 1983; Bradbury
&Grace 1983; Fisher 1995;Ladle&Westlake 1995;Long&Mason 1983;Maltby 1986; McLusl<y 1977;Mitsch&Gosselink
1993; Oswood et al.l995; Reader 1978; Whigham et al.l978; I{illiams 1990. NB valuesfor lotic (river) ecosystems arefor
primary productivity of spectfied organisms rather than net. * denotes productivity given as ashed dry weight.
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W. USA
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Mid-Atlantic oast, USA
N.W. Europe
Mid-Atlantic oast, USA
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400-500
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Primary productivity
and resource potential
In general, primary productivity and plant
species diversity in wetlands increases with
flowthrough conditions (Mitsch & Gosselink
1993). Thus, fens are more productive than
stagnant raised mires, and non-flowing or deep
water wetlands (e.g. deep lakes or forest
swamps) are less productive than flowing or
periodically inundated wetlands (e. g. rivers and
floodplain forest; fig.13.3). This is because
flowthrough provides a flush of nutrients,
episodic  inundat ion reduces anaerobic
conditions and results in increased ecological
hetero gen eity (op t. cit.) . Thus, ombrotrophic
(rain- fed), oli gotrophic (nuhient-poor) rai sed
bog and blanket bog are among the least
productive types of wetland because they have
little allochthonous nutrient input. Only a small
range of specialist plants, mainly Sphagnum
mosses, can tolerate the high water table, low
nutrient availability and low pH of these
environments. These factors, together with low
temperatures mean that  the rate of
decomposition is typically exceeded by net
primary production of, for example, Sphagnum
mosses or ericaceous shrubs. This results in
peat accumulation which acts as a nutrient sink,
reducing nutrient availability to organisms
higher up the food chain. Consequently, a
re lat ive ly  low b iomass of  inver tebrate
herbivores and in part icular vertebrate
herbivores is found in temperate oligohophic
bogs. The few vertebrate herbivores that do
occur are able to utilise only a small proportion
of the plant material (primary produce). The
dearth of vertebrate herbivores means that
carnivores are also scarce (Long & Mason
1983). The acidity of raised mire waters
precludes fish.
The relatively low productivity and
specific diversity of oligotrophic bogs means
that they can provide only a limited number of
specialised natural resources exploited by
humans. These include C alluna vulgaris,used
for bedding or dyeing,, edible fruits of
Vaccinium oxycoccus or Myrica gale for
f lavour ing.  Er iophorum-Cal luna bog
vegetation may provide a useful resource for
gr azing stock where availability of other more
nutritious vegetation is limited (Caseldine
1988). It is pertinent to note that in northern
and central Europe a traditional method for
bringing raised bogs into cultivation was to
loosen the upper layer of peat and then burn
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the dry material. The resulting release of stored
nutrients was sufficient for meagre cereal crops
or grass for grazing to be grown for up to 7-10
years, after which exhaustion necessitated a
30 year fallow period (Heathwaite et al.I993).
In contrast, minerotrophic (nutrient-rich)
fens have a high productivity (fig.13.3) and
receive nutrient supplies from groundwater
and, inriver floodplain situations, floodwater.
Although peat accumulation may remove some
nutrients from the ecosystem, nutrient supply
rate is usually sufficient to ensure highprimary
productivity. It is only when peat accumulation
results in decreased groundwater influence that
oligotrophic bog may develop autogenically
from minerotrophic fen (Godwin 1975). The
primary productivity in minerotrophic fens is
often comparable or in excess of that observed
in adjacent agricultural land (e.g. Long &
Mason 1983). Nutrient flushing and moderate
to high pH enables the development of complex
secondary producer communities that usually
include fish as well as wildfowl. In general,
the deeper the water and more open the system
is to large rivers or lakes, the more abundant
the vanety of fish (Mitsch & Gosselink 1993).
Floodplain fens are particularly productive and
biodiverse because they form structurally
complex ecotones between dryland and
riverine ecological units (opt.ci l) .  Thus,
although a particular plant species such as
Phragmites may dominate a swamp, higher
order animals such as birds are able to utilise a
range of habitats within the wetland-dryland
ecotone (Long & Mason 1983).
Similarly, riparian (river and stream-side)
habitats are particularly species-rich and
biological ly productive (f ig.13.3). This is
because pulse flooding provides water for
growth, a supply of nutrients and favourable
soil aeration conditions (Long & Mason 1983;
Mitsch & Gosselink 1993). Although estimation
of primary productivity in riparian ecosystems
is part icularly dif f icult  (e.g. because of
anthropogenic modif icat ions), the'River
Continuum Concept' dictates that in general,
the number and type of primary and secondary
producers and productivity tends to increase
downstream and with increased stream order,
and this is supported by empirical evidence
(see Cushing et  a l . I995 and references
therein). This is because there is a general
increase in river surface area free from shading
and increased nutrient supply rnadownstream
direction, leading to, for example, both
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increased fish productivity and diversity
(Cummins et a|.1995; Fisher 1995; Mackay
1995). The corollary of this is of course an
increased quantity and diversity of natural
resources for human exploitation.
The downstream t rend in  increased
productivity extends into estuaries, which are
among the most productive ecosystems on
earth (fig. 13.3). Saltwater or brackish wetlands
subject to frequent tidal action are generally
more productive than less frequently inundated
areas (Mitsch & Gosselink 1993). The regular
influx of nutrient rich detrital mud supports a
vast quantity of primary producers. Although
relat ively l i t t le of this may actual ly be
consumed directly by animals, decaying plant
fragments form a substantial proportion of the
detrital mud that supports extremely large and
complex foods webs (Mclusky 1977). The
high primary productivity of saltmarshes is
mirrored by secondary productivity, including
annelids, molluscs, crabs, shrimps and fish,
supporting prodigious numbers of higher order
feeders, namely wildfowl which may reach
densities of 216 birds per km2 compared to
only three over open water (Williams 1990).
Whigham et al. ( 1 978) suggest hat freshwater
tidal wetlands , i.e. the lower reaches of tidal
rivers, may be even more productive because
they benefit from nutrient replenishment from
tidal flushing while avoiding saline stress.
The foregoing discussion indicates not only
thatpnmary produchvity may be used to idenhfy
vanations between the ecologrcal productivity of
different wetland ecosystems, but also that it
provides a measure of their resource potential.
There is a general pattern of increased
productivity and species-richness progressing
from oligotrophic interior wetlands towards
npanan-riverine margins, and from lower to
higher order streams culminating in estuarine
ecosystems at the interface between the
freshwater and marine environment. In terms of
primary productivity and spec ie s richne s s in the
Humber wetlands, prior to their large scale
drainage (which can increase species richness,
for example as attested for the raised bogs in the
Humberhead Levels), the richest areas were the
Humber estuary and the lower reaches of the
main rivers (e.g. Hull, Trent and Ancholme),
whi le  the o l igot rophic  mires could be
characterised as the poorest. For the present
discussion, the productivity and species richness
ofthe wetlands in the regions of Holderness and
the Humberhead Levels can be ranked, from
low to high, as thus:
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- oligotrophic ecosystems (raised bogs) in the
Humberhead Levels
- isolated open water ecosystems (lakes or
meres) in Holderness
- open water ecosystems (lakes or meres)
connected to largernver systems in Holdemess
- minerotrophic ecosystems in river floodplains
in the Humberhead Levels
- riparian ecosystems in the Humberhead
Levels
-  brack ish or  estuar ine ecosystems in
Holderness.
Resource potential and exploitation
The assessment of the exploitation of the
resource potential ofthe wetlands in the regions
of Holderness and the Humberhead Levels is
largely based on the distribution of flint and
pottery scatters found during survey, aerial
photographic analysis and ten small-scale
excavations undertaken between 1994 and
1996 as part of the Humber Wetlands Survey
(Van de Noort & Ellis 1995;1997). Although
it is imperative to stress that not all sites and
finds are related to exploitation for reasons of
subsistence, the large number of find locations
(>1100)  wh ich  fo rm the  bas is  o f  th i s
assessment undoubtedly reflects general
patterns of occupation and exploitation. The
survey undertakes ystematic field walking in
'mapviews' each 4x5 km in size, and centred
on a wetland. Therefore, not only the wetlands
but also extensive parts of the surrounding
'drylands' are assessed in an identical manner,
while the integrated coring programme
identifi es areas of buried landscapes.
Summar is ing the main resul ts  in
chronological order, three f l int scatters
including pieces diagnostic for the Early
Mesolithic were found in the Humberhead
Leve ls  on  s l i gh t l y  e leva ted  loca t ions
immediately adjacent o nvers, while a fourth
site, dated to this period by radiocarbon assay
of a single alder peg, was found in one of the
most extensive mere-complexes which is
connected to the River Hull, in Holderness
(Head et al.l995a;1997a). No finds or find
scatters dated to the Early Mesolithic were
found elsewhere. Sites and finds dated to the
Late Mesolithic and Early Neolithic period were
found in similar contexts in both regions, but
also in southern Holderness where brackish
wetlands developed in the lowlands adjacent
to the Humber estuary around 3800 cal.BC
(c.5000BP), adevelopment closely associated
-\
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to sea-level rise (Dinnin & Lill ie 1995; Head
et al. \995a; 1995b; 1997a; 1997b). Based
solely on flint assemblage characteristics from
the Humberhead Levels, it has been argued
that these sites reflect possible seasonal rather
than permanent occupation (Head 1997).The
very close spatial association of finds, finr;
scatters and sites of the earlier Holocene witi
nutrient rich wetlands (rivers, I ake s connecter
to rivers and brackish/estuarine wetlands,
suggests a specialised exploitation of thesc:
habitats, most likely focused on fishing and
hunting of wild fowl. The complete absence
of sites of this period at and around nutrient
poor wetlands suggest hat for specialised
wetland exploitation dunng the Mesolithic and
Early Neolithic, only the richest wetlands
sufficed.
In the laterNeolithic and Early Bronze Age
the distance between archaeological sites and
their nearest wetland increased (Head 1997).
Finds dated to this period have been discovered
on the floodplains of all the rivers and adjacent
to the brack ish wet lands in  southern
Holderne ss. Low c oncentrations of artefactual
material were also found near all meres, both
isolated and connected to larger river systems,
in Holderness (Head et a|.1995). The spatial
association between sites of this period and
the wetlands is still clear, but the distance
varies. This is partly due to widespread wetiand
development in the Humberhead Levels as a
consequence of the continued sea-level rise.
Wetland development was caused through
paludification and overbank flooding alongside
the rivers, which made the most nutrient rich
wetlands (i. e. the rivers and their minerotrophic
floodplain mires) poorly accessible as a result
of the development of mesotrophic fen and
mire on the floodplain margins. However, the
importance of agriculture increased unng this
period, and the reduced interest in wetlands
and their resource may well be a reflection of
the changing mode of subsistence. The new
association of sites with the nutrient poor
wetlands, in particular the isolated lakes in
Ho lderness ,  may  re f lec t  the  inc reased
importance of year-round water supply in a
pastoral-dominated economy.
From the Middle Bronze Age onwards, and
particularly during the Late Bronze Age and
Early Iron Age, very few archaeological sites
appear in  or  near  the wet lands of  the
Humberhead Levels and Holderness. A short
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trackway of Late Bronze Age date, discovered
on Thorne Moors (one of the raised mires in
the Humberhead Levels) during peat extraction
in the 1970s, is the main exception (Buckland
& Kenward 1973), but this may have been
built to allow access to nearby dryland areas
rather than for wetland exploitation (Dinnin
1997b). However, high densities of artefactual
material and aerial photographic evidence for
human activity in this period have been found
on the higher, free draining soils surrounding
the wetlands in the Humber lowlands. This
illustrates the emphasis on farming, withpollen
analysis suggesting the increased importance
of arable rather than pasture (Smith 1985;
Taylor 1995).
In the Humberhead Lc:.zels, but not in
Holderness, this picture changes agarn after
the Roman conquest of the area. Throughout
this region we see Roman settlements appeanng
in the later third and fourth centuries AD
(fig.13.4). The distribution of sites of this date
appears largely unrelated to the wetlands in
general or to specific types of wetlands, and
no association exists between this phase of
settlement and biological productivity of the
wetlands. Rather it appears that a temporary
sea-level re gre ssi on provided opportunities for
agricultural expansion into the wetland areas,
and Roman settlement appears to have taken
place in the Humberhead Levels even on
humified peat. The existence of an urban
economy and  inc reased  demand fo r
agricultural products may also have provided
additional factors in the possibly short-term
but widespread exploitation of the lowlands
around the Humber.
No archaeological finds of Early Medieval
date can be re lated to the wet lands of
Holderness or the Humberhead Levels. In the
thirteenth and fourteenth centuries. however.
it appears that previously unoccupied areas
within the Humberhead Levels were inhabited,
with farms and granges surrounded by moats
(Fenwick 1997). The late and post Medieval
exploitation of wetlands is recorded in written
sources, and the l Tth century decoys on the
raised mires of the Humberhead Levels and
on the margins of other wetlands illustrate the
exploitation of wildfowl. However, by this date,
the role of the wetlands in the economy was
not more than marginal, and the majority of
wetlands were drained from the early 17th
century onwards, to provide arable land.
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Conclusion
Wetlands are amongst the most productive
environments in the world, and although the
general validity of this statement is correct,
the detailed examination ofthe environmental
history of the wetlands and the identification
of archaeological sites associated with the
wetlands in the regions of Holderness and the
Humberhead Levels have identified important
highlights and exceptions to their significance
and exploitation in the past. These include an
awareness that the different types of wetlands
in the region were attributed different values
in different archaeological periods. The
changing modes of  subsis tence and
environmental development of the wetlands
during the Holocene, in part icular as a
consequence of sea-level change, appear to
form the most important elements in this
changing perception of the Humber wetlands.
Fig.l3.4. An aerial photograph of the late Roman settlement at Scaftworth in the ldlefloodplain, Humberhead
Levels. RCHME Crown C.opyright. Photo Derek Riley 1976-
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